Introduction
Species that have widespread geographic distributions are exposed to different environmental conditions across populations (Mayr 1963; Freckleton et al. 2003) .
Intraspecific variation and local adaptation within wide-ranging species have been observed in many taxa (e.g. Ayres and Scriber 1994; Stuart-Fox et al. 2004) , including temperate-zone species of bats (Bogdanowicz 1990; Kurta and Whitaker 1998; Solick and Barclay 2006; Clare et al. 2014 ). For example, geographic variation in temperature and precipitation is associated with intraspecific variation in the diet and morphology of little brown bats (Myotis lucifugus Le Conte, 1831) and big brown bats (Eptesicus fuscus Beauvois, 1796; Burnett 1983; Moosman et al. 2012) .
At high latitudes, insectivorous bats experience high variability in the abundance of aerial insects, as low temperatures early and late in the bats' active season result in low availability (Rydell 1989; de Jong and Ahlén 1991; Talerico 2008 ). This may be associated with some of the variation in diet and morphology that has been observed in M. lucifugus living near the northern limit of its range, compared to more southern populations (Whitaker and Lawhead 1992; Talerico 2008; Shively 2016) . Myotis lucifugus is widely distributed in North America, ranging from Mexico to Alaska (Fenton and Barclay 1980) . It primarily uses aerial hawking to capture prey, including adult insects with aquatic larvae such as chironomid midges, mayflies, and caddisflies (Belwood and Fenton 1976; Anthony and Kunz 1977; Ratcliffe and D r a f t 4 occurrence and/or percent volume of spiders in the diet (e.g. Clare et al. 2011; Thomas et al. 2012 ). Both Talerico (2008) and Shively (2016) suggested that the consumption of nonvolant prey by M. lucifugus may represent an adaptation to inhabiting relatively cold climates, where abundance of aerial insects is highly variable. Additionally, M. lucifugus in the Yukon has shorter wings than individuals in southern Canada (Talerico 2008) . Wing morphology can be used as a predictor of habitat use by bats (Findley and Black 1983; Norberg and Rayner 1987; Fenton and Bogdanowicz 2002) , as wing loading and aspect ratio are associated with the maneuverability and lowest flight speed of a species (Aldridge 1987; Norberg and Rayner 1987) . The shorter wings of M. lucifugus in the Yukon compared to a more southern population may be one factor allowing flight within more cluttered forested areas, and possibly capturing spiders from the surface of vegetation (i.e. gleaning; Talerico
2008).
At the study locations in the southern Yukon and interior of Alaska, M. lucifugus was the only bat species captured (Parker et al. 1997; Talerico 2008; Shively 2016) . However, in the southern Northwest Territories (60°N) in Canada, where temperatures are also low during the early and late periods of the bats' active season , M. lucifugus lives in sympatry with another small insectivorous species, the northern long-eared bat (Myotis septentrionalis Trouessart, 1897). Myotis septentrionalis uses both gleaning and aerial hawking to capture prey (Faure et al. 1993; Ratcliffe and Dawson 2003) . Common prey include beetles and moths, and lower proportions of flies and spiders (Whitaker 2004; Dodd et al. 2012) . In more southern locations, M. septentrionalis has lower wing loading than M. lucifugus, suggesting greater maneuverability and ability to fly close to clutter such as vegetation (Norberg and Rayner 1987; Ratcliffe and Dawson 2003) . However, this may not be the case in northern regions where M. lucifugus may be better adapted for gleaning non-D r a f t 5 aerial prey than individuals in more southern populations, and therefore show more overlap in both morphology and diet with sympatric M. septentrionalis.
The purpose of our study was to examine whether the diet and morphology of M. lucifugus in a northern region differ from those of sympatric M. septentrionalis. We hypothesized that the reduced availability of aerial insects during periods of low ambient temperatures, and the short growing season in northern areas, result in competition for prey and in local adaptations. If there is competition for prey, then the diet and morphology of M. lucifugus and M. septentrionalis should differ, with M. lucifugus demonstrating a morphology less adapted for gleaning than M. septentrionalis. However, if there is no competition for prey, then we expected the morphology and diet of M. lucifugus and M. septentrionalis to be similar, and for the pattern of spider consumption by M. lucifugus to be more similar to that of M. lucifugus in other northern locations than to southern populations.
Materials and Methods

Study area
Our study sites were located in the boreal forest near the town of Fort Smith, Canada (60°00'N, 111°54'W) in the southern Northwest Territories (NWT) and in Wood Buffalo National Park, which spans the border between NWT and Alberta. Myotis lucifugus and M. septentrionalis are the most common bat species in this region (Wilson et al. 2014) . We used mist-netting to capture bats in many habitat types, including the forest interior and trails, roadways, and at cave entrances.
Data collection
We collected fecal samples for dietary analysis and morphological measurements from adult male M. lucifugus and M. septentrionalis from June to August 2012. Fecal samples were also collected from May to September 2011. As the mass, and therefore wing loading, of females varies considerably over the summer due to pregnancy, we only included adult D r a f t 6 males in our analysis. Captured bats were placed in cotton bags for a maximum of one hour, after which we measured mass (±0.1 g) on a digital scale, forearm length (±0.1 mm) with digital calipers, and ear length (±0.5 mm) with a ruler. We also determined sex and reproductive condition. The fusion of the epiphyses of the metacarpal-phalangeal joints was used to distinguish adults from juveniles (Anthony 1988) . For further morphological analysis, we held adult males on graph paper, extended the right wing and tail membrane, and held them in place by hand. At least two photos were taken of each individual, in case of variation in extension of wing and tail membranes. Photos were taken from directly above. Fecal pellets were collected from the cotton bags and placed into vials for later analysis. The University of Calgary Animal Care Committee approved all procedures.
Morphological and diet analysis
We measured wing area and wingspan using ImageJ 1.46 (Schneider et al. 2012) . Two measurements of wing area and wingspan were taken per photo, for two photos per individual, and were averaged to result in one value per individual (n = 30 individuals per species).
Wingspan was measured from the tip of the wing to the midline of the body, and then doubled. We measured and doubled the area of the extended wing, and half of the tail membrane and body, excluding the head, to obtain the total wing area (Norberg 1981) . We calculated wing loading (mass/wing area) and aspect ratio (wingspan 2 /wing area) as outlined in Norberg and Rayner (1987 We classified prey items to order, and estimated the relative percent volume of each taxon in the pellets and averaged the percent volume for each individual bat (Whitaker et al. 2009 ).
Statistical analysis
We used the statistical package R 3.1.1. (R Core Team 2014) for all statistical analyses.
We used two-sample t-tests to assess whether there were differences in morphological characteristics between species. We used Permutational Multivariate Analysis of Variance (PerMANOVA) to assess whether the overall diet of M. lucifugus and M. septentrionalis differed (R package vegan; Oksanen et al. 2017) . The independent variables included species, capture site, and date, and the dependent variables included the nine observed arthropod orders. Like MANOVA, PerMANOVA can assess differences of assemblages among species, but can also be used on non-normal data, as permutations of the observations are used to create a distribution (Anderson 2001) . We used 1000 permutations for each test. As
PerMANOVA does not identify which individual prey orders in the diet differ between species, we used the Dufrêne-Legendre Indicator Species Analysis (ISA; R package labdsv;
Roberts 2016) to determine the prey orders that were indicative of each bat species' diet (Dufrêne and Legendre 1997). This method is commonly used in community structure analyses to determine the taxa that are significant indicators of a particular habitat (e.g. Antonelli et al. 2015; Filgueiras et al. 2015; Gilby et al. 2017 (1)
where p i is the proportion of a prey order in the diet (Simpson 1949; Findley and Black 1983) . To calculate dietary overlap, we used the minimum percentage overlap index (Krebs 1999) , in which the lowest percent volume of each prey order between the two species was summed over all prey orders.
We used chi-square tests, or chi-square tests with Yate's correction for low sample sizes, Average minimum daily temperature was 6.0°C in early summer, 11.9°C in mid-summer, and 9.4°C in late summer (Environment Canada 2014).
We used logistic generalized linear models (GLM) with a logit link function to assess whether there was a relationship between mean daily temperature and the presence of spiders D r a f t 9 in the diet of adult male M. lucifugus and M. septentrionalis. As there is no R 2 value for logistic regression, we used McFadden's pseudo-R 2 to examine the fit of the model (Veall and Zimmermann 1996) .
Results
Morphology
The body mass of male M. lucifugus was significantly greater than that of male M. 
Dietary composition and overlap
Myotis lucifugus and M. septentrionalis consumed eight of the same prey orders, with M.
lucifugus consuming one additional order, Trichoptera (Table 2) and Lepidoptera (indicator value = 0.53, P = 0.033) were indicative of the diet of M.
septentrionalis (Table 2) . Although both species consumed all four of these prey orders, Diptera and Hymenoptera were more common in the diet of M. lucifugus than in the diet of D r a f t M. septentrionalis, and Lepidoptera and Araneae were more common in the diet of M.
septentrionalis than in the diet of M. lucifugus, when taking both frequency of occurrence and percent volume into account.
Diptera, Lepidoptera, and Neuroptera had the highest percent volumes in the diet of M.
lucifugus (Table 2 ). The dietary diversity index for M. lucifugus was 3.90 over the entire summer. The index was lowest in early summer (3.54), and then increased to 3.62 in midsummer, and 3.99 in late summer. Only five prey orders were identified in the diet of M.
lucifugus in early summer, while nine were identified in both mid-and late summer. 
Variation in the presence of Araneae
In the diet of M. septentrionalis, the frequency of occurrence of spiders did not differ among early, middle, and late summer (Yate's X
2
[2] = 1.11, P = 0.576; Fig. 2a ). Spiders were present in 62.5% of fecal samples in mid-summer to 100% in early summer, and in 70% of samples overall (Table 3) . Mean daily temperature did not significantly predict the probability of spiders in the diet of M. septentrionalis (GLM, z [49] = 1.06, P = 0.290; Fig. 3a) .
In M. lucifugus, the frequency of occurrence of spiders was significantly different among the summer periods (X 2 test, X summer, and in 37.5% of samples overall (Table 3) . Mean daily temperature significantly predicted spider presence in the diet (GLM, z [55] = -3.35, P < 0.001; Fig. 3b) , and a moderate amount of the variation in the probability of M. lucifugus consuming spiders was explained by temperature (McFadden pseudo R 2 = 0.27). A McFadden pseudo-R 2 value of 0.25 corresponds to an R 2 value of approximately 0.5 (Veall and Zimmermann 1996) . There was a >90% probability of M. lucifugus consuming spiders at a mean daily temperature below 10°C, and the probability dropped below 50% above temperatures of 14°C (Fig. 3b ).
Discussion
In a northern region, where periods of low temperature result in reduced aerial insect abundance, possibly increasing reliance on non-aerial prey by insectivorous bats, the dietary composition and morphology of M. lucifugus were significantly different than that of sympatric M. septentrionalis, a species better adapted for gleaning prey.
As M. lucifugus experiences periods of low availability of aerial insects in northern regions, we expected that there might be convergence in the morphology of M. lucifugus and M. septentrionalis allowing M. lucifugus to be more effective at gleaning non-volant prey. Why is there variation in the seasonal pattern of spider consumption across northern sites?
It is possible that the availability of arthropods varies among northern sites, resulting in geographical variation in the diet. In addition, however, there are two key differences in our study compared to others at northern sites. First, at our site M. lucifugus lives in sympatry with M. septentrionalis, a species that consumed non-aerial prey throughout the summer. We suggest that the presence of a gleaning bat species provides some competition for foraging habitat and prey in a region where abundance of aerial prey can be low, due to low temperatures. Myotis lucifugus and M. septentrionalis also exhibited the highest dietary D r a f t 14 overlap and lowest dietary diversity during early summer, which may reflect low prey diversity and availability at that time.
The second difference between our study and others at northern sites is that while we focused on male bats, the others collected fecal samples at maternity colonies and thus analyzed the diet of adult females (Whitaker and Lawhead 1992; Talerico 2008; Boyles et al. 2016; Shively 2016) . Perhaps differences in the energetic and nutritional demands on males and reproductive females influence prey selection or timing of activity (and thus prey availability), resulting in differences in diet. Dietary differences between the sexes of insectivorous bats are not often studied, but have been found in some species (e.g. Husar 1976), including M. lucifugus (Belwood and Fenton 1976) .
The high percent volume of spiders in the diet of M. lucifugus at northern sites may be a reflection of a greater reliance on non-aerial prey during periods of low temperatures and reduced abundance of aerial insects. However, Boyles et al. (2016) identified an unusually high percent volume of spiders in the diet of M. lucifugus in June and July in central Alaska (46.9%), and suggested that spiders may provide high energy content relative to small-bodied insects, such as Diptera. There is some evidence that the energy content of spiders may be higher than that of some insects (Norberg 1978) , although few comparative studies exist.
Prey with high energy content may be particularly important in northern regions where a high rate of energy intake is required due to the energetic constraints imposed by low temperatures and limited foraging time due to short nights (Rydell 1992; Slough and Jung 2008; Reimer 2013 ). This could explain the consumption of spiders by female M. lucifugus throughout the summer in other northern regions, despite higher aerial insect availability. Further studies on dietary differences between the sexes, comparisons of energy content among arthropod orders, as well as how efficiently bats extract energy and other nutrients from different arthropods, may be enlightening. 
Characteristic
Myotis lucifugus Myotis septentrionalis p
Body mass (g) 8.1 ± 0.1 (n = 73) 6.7 ± 0.1 (n = 49) <0.001
Wingspan ( 181x186mm (300 x 300 DPI)
